radiation-induced lung injury after radiotherapy or radiation accident is one of the most notable side effects of ionizing radiation.
Exposure to an acute dose of radiation during a nuclear disaster or fractionated radiotherapy may interfere with normal function of the lung (1) . Lung tissue responses to radiation includes pneumonitis and fibrosis, owing to excessive free radical production and chronic changes in immunological mediators (2) . As these consequences may lead to the death of exposed persons, effective management of radiation-induced lung injury is of particular importance.
For many years, several studies have been conducted to evaluate the protective effects of different agents against toxic ionizing radiation.
However, due to the considerable toxicity of these agents, there has been a growing interest towards natural and herbal agents (3) . Amongst the various types of herbal agents, polyphenols such as curcumin are classified as the most important and well-known ones. Curcumin has been traditionally used to tackle inflammation and thrombosis as well as to prevent hepatic disorders (4) . As a radioprotector, it has shown protective ability against radiation-induced oxidative stress, DNA damage, inflammation, fibrosis, etc. (5, 6) . In a phase 1 clinical trial, administration of 8,000 mg/day curcumin as a chemopreventive agent showed no toxicity and contributed to the healing of patient's lesions (7).
To date, the mechanisms of radiation-induced inflammatory diseases and fibrosis are yet to be fully understood. However, long term upregulation of some cytokines and continuous free radical production lead to changes in the morphological structure of inter/ intracellular spaces. 
Materials and methods

Experimental design
Twenty male Wistar rats (eight week-old, 
Irradiation and treatment with curcumin
Irradiation of the chest area was performed using a cobalt-60 beam unit with a source to skin distance (SSD) of 60 cm, and dose rate of 109 cGy/min. Ten min before irradiation, the rats received intraperitoneal injection of ketamine (60 mg/kg) and xylazine (20 mg/kg) as anesthestic.
Curcumin was dissolved in 20% ethanol at a concentration of 30 mg/ml, and each rat received 1 ml (150 mg/kg).
Real time PCR
Total mRNA was extracted from lung samples using TRIzol reagent (GeneAll, South Korea), followed by cDNA synthesis using cDNA synthesis kit (GeneAll, South Korea). Phosphoglucomutase 1 (PGM1) primer was used as internal control. 
ELISA
The levels of IL-4 and IL-13 cytokines were measured via ELISA kit (Rat IL-4 and IL-13 kits, Zelbio, Germany), based on the procedure of manufacturer.
Histopathological evaluation
Fixation of lung tissues in 10% formalin was 
Statistical analysis
The results of study were expressed as mean ± standard deviation (SD) for each group. All analyses were performed using SPSS software 
Results
Cytokines levels
The results of ELISA showed that exposure of lungs to radiation led to a significant increase in the IL-4 levels (762±21 pg/ml) compared to control group (422±71 pg/ml) (P< 0.01). However, for rats treated with curcumin before and after irradiation, The evaluated factors were scored as 0=normal; 1= mild change; 2= severe; 3= more severe. Fibrosis was represented as absent, mild and severe. a: significant compared to control; b: significant compared to irradiation group. fold) (P<0.05).
Histopathological evaluation
Histopathological results showed that exposure to ionizing radiation led to a noticeable infiltration of inflammatory cells and mild increase in vascular and alveolar thickening. In addition, mild fibrosis and inflammation were observed. All of these changes were shown to be relieved upon curcumin treatment (table 1) .
Discussion
Due to the increasing number of cancer patients who undergo radiotherapy, meticulous attention should be confined to the outcomes and side effects of this treatment modality. Knowledge on the molecular mechanisms of radiation injury in each organ can help make a decision about appropriate protocols to enhance therapeutic effects (12, 13) . Exposure to ionizing radiation leads to massive free radical production and DNA damage, 
